The paper deals with the introductory analysis of the real estate market of a suburban commune located near a big (voivodeship capital) city. The analysis is based mainly of the cartographic method of research. Besides data mining and preparation, maps play an important role here, presenting values acquired directly from the register of notarial deeds of estate sales and purchases, as well as values resulting from statistic computation, for example mean values of area or price, absolute numbers of transactions or real estate type. The spatial factor is also taken into consideration when it comes to more complex or specific analyses. The influence of distance understood as a metric and time factor, as well as regression analysis results are also visualized on maps. Such presentation is a good step towards advanced analyses providing maps are prepared according to the rules of cartography. The paper stresses that a map can be a great tool in aiding every stage of research, but may also cause misinterpretations and false conclusions when at least basic rules are not complied with.
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The real estate market is, as every other market, defined by its object prices and economic elements of supply and demand influencing these prices. Real estate appraisal is a process of answering three questions of: what is being evaluated, why it is being evaluated and on what basis (CYMERMAN, HOPFER 2012) . The list of factors influencing price can be very long, but the main groups are (KUCHARSKA-STASIAK 2006, p. 130) :
-environmental, -economic, -legal, -demographic, -political, -social, -other specific. Most of these factors are, to some extent, characterized by a spatial context. The spatial context of demography or the environment is obvious, but also the economy and other factors are more or less www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 spatially dependent. This means that real estate market analysis can be based on, as well as supplemented and preceded by the use of spatial methods, e.g. the cartographic method of research. This is a procedure of obtaining new information and knowledge from a set of data presented on a map using professional knowledge and, most importantly, a specific approach (SALISZCZEW 1998, pp. 265-266) . The popularity of this method increased with the use of Geographic Information System (GIS) software, even if the term itself is not well-known among GIS users. Both GIS and the cartographic method of research is present in the field of real estate appraisal, as a map can clearly and easily show relations, helping one to understand the factors that can influence prices. Hence, maps are very good tools in both, introductory analysis and the appraisal process, as well as at the stage of presenting the spatial distribution of prices, factors and the relationships between them. Maps were often used in the latter case, serving as illustrations of a certain state and situation; however, their use in the process of research is also becoming increasingly popular (CICHOCIŃSKI 2007; CICHOCIŃSKI, DĄBROWSKI 2013) . This paper concentrates on the use of maps in the introductory analysis of the real estate market of a suburban gmina (commune).
The area of research
The area encompassed by the case study is the Polish commune of Konopnica. It is located in the voivodeship of Lublin, just west of its capital, the city of Lublin. The commune has a population of over 12.5 thousand and covers an area of 93 square kilometres, resulting in a density of 135 people per km 2 (POWIERZCHNIA… 2013, p. 76) , which is higher than the national average. The commune consists of the following villages: Konopnica, Kozubszczyzna (seat of the commune), Lipniak, Marynin, Motycz, Motycz-Józefin, Motycz Leśny, Pawlin, Radawczyk Drugi, Radawiec Duży, Radawiec Mały, Sporniak, Stasin, Szerokie, Tereszyn, Uniszowice, Zemborzyce Dolne, Zemborzyce Podleśne, Zemborzyce Tereszyńskie and Zemborzyce Wojciechowskie. The map of the commune has been shown in Figure 1 . The commune has been chosen as the area of the case study because it has a dynamic real estate market, typical of suburban areas. Especially the villages of Konopnica, Lipniak and Szerokie are attractive for well-off citizens of Lublin and have been turned into a residential area located just west of the border of Lublin, with easy and fast access to the city, as is the case in similar villages of other www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 communes near Lublin, for example Niemce, Jastków or Głusk (IWANICKI 2012, pp. 83-84) . The prices of land here are very high, contrary to villages in the western part of the commune, for example Pawlin or Sporniak. These villages are not far from Lublin either, but are not as popular or, as one might put it -fashionable, as those mentioned earlier, and fashion is an additional factor on every market, the real estate market being no exception (TROJANEK 2009 ). In terms of demography, the commune is a typical example of an area lying near a big city. The overall change in the population of Konopnica over the last decade is positive, with growth generated mainly by the migration balance, its value reaching 18 per 1000 persons, in contrast to almost 0 for the rate of natural increase (MARKOWSKI 2014, p. 60) . With Lublin characterized by a positive rate of natural increase and negative migration, this clearly shows that the commune is one of the areas where the inhabitants of Lublin migrate to, similarly to other communes in its vicinity. In addition to this, people from communes of the voivodeship migrate to Konopnica, as well as residents of other voivodeships, and not only. Over the years [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] 90 .3% of all inhabitants of Konopnica were born in the Lublin voivodeship, with 69% coming from the actual city of Lublin; 8.7% were born outside the voivodeship and 1% came from abroad (IWANICKI 2012, pp. 85-86) .
Data preparation
The primary source of information regarding the real estate market was the official list of the register of notarial deeds of estate sales and purchases (rejestr cen i wartości nieruchomości). The analyzed transactions took place during a period of 3 years, i.e. 2010 to 2012. A total number of 649 transactions were recorded. Table 1 contains detailed information on the number of transactions. Source: own study.
The register contained more entities than the above-mentioned 649, but a few had to be rejected for various reasons. Some of them lacked proper information regarding the price (only the total was given www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 for two or more different real estates, sometimes in different villages or of a different type), or the type or values provided were clearly a typo (lack of one digit in the price).
Analysis and maps

Fig. 2.
The number and structure of real estate transactions in the commune of Konopnica. Source: own study.
As it was mentioned, maps are powerful tools in every step of analysis. They help in understanding the analyzed phenomena at an introductory stage of data mining and preparation, finding the answer to the question being the result of the main research process and illustrating the outcomes of this research at the final stage of work. Table 1 above can be easily converted into a map, providing not only precise numbers (as in the diagram method) but also the spatial distribution of the value in a way that illustrates the spatial connections between data sets and areas. What can be seen in Figure 2 is the domination of transactions involving agricultural real estates (green and yellow), especially un-built ones (green). It also shows there are 3 dominant villages in terms of the number of transactions (Konopnica, Motycz and Radawiec Duży) as well as illustrating that villages close to the border of Lublin are areas characterized by significantly larger numbers of transactions (for example Szerokie, Lipniak, Kozubszczyzna, Zemborzyce Podleśne or the earlier mentioned village of Konopnica) than in most of the villages located further west (e.g. Motycz Leśny, Sporniak, Pawlin, Radawiec Mały); the later was not a strict rule, however, as demonstrated by Motycz with a total of 120 transactions. This image raises the question of the reason behind such a distribution. With the domination of agricultural real estates, the reason could be the different quality of soil. However, this is not the case. Over 90% of soils in the commune of Konopnica are of very good or good (class II or IIIa) quality (GLEBY), and the commune has the highest index of resources of agricultural production space in the Lublin region, i.e. 103.1 (WITEK 1993) . Keeping in mind that the commune is a popular area of migration for the better-off inhabitants of Lublin, who work in the city and visit it frequently, and the fact that over 50% of construction permits were issued for citizens of Lublin (WESOŁOWSKA 2006, p. 47) , it can be assumed that at least some of these properties were bought with the intention of converting them into residential housing. In such a case, one of the main factors defining the price of real estate is its location in relation to the city and to the network of communication -main road providing fast and convenient means of accessing the city. As can be seen in Figure 3 , there is a relationship between the popularity of a given village (understood as the number of transactions) and www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 the road network. Villages next to the border of Lublin are serviced by the city's road network, but more distant ones are dependent on other roads. Motycz and Radawiec Duży have a few roads passing through their area, which makes these communes attractive for Lublin residents due to the good transport connection. own study.
While the number of transactions reflects the popularity of an area, it can be illustrated even better by their price. There are no data to assess the number of agricultural estates that are turned into residential ones, but their price can be a good indicator in the case of areas with high residential potential (MAĆKIEWICZ 2009). In addition to being an indicator of value, the transaction price also lets one look into the intention of the buyer when agricultural property is the subject of the transaction. With the mean price of the best soil classes (I, II and IIIa) equal to 4.26 zł/m 2 in Poland, means of 70.63 zł/m 2 for the commune and over 200 zł/m 2 for the villages of Lipniak and Szerokie show the prices here to be much higher, hence the motivation behind their purchase can be assumed to be different than farming. This is also backed by the size (area) of the purchased real estate. Properties bought with residential purposes in mind tend to be smaller when compared to typical fields used for agricultural production. As shown in Figure 4 , areas of properties being the subject of transactions in the commune of Konopnica are much smaller in villages bordering Lublin (especially in Szerokie, Lipniak and Konopnica). Figure 5 shows diagrams for land prices. Villages adjacent to Lublin in the west and north-west form a zone of high prices. The significantly lower values for Tereszyn can be explained by natural conditions. The area of the village, which is small in itself, consists of about 50% forests (as also illustrated by Figure 5 ), which can be a reason behind the smaller number of transactions as compared to Konopnica or even Marynin, as there is not much land to sell that could be conveniently adapted for residential purposes. Land in villages south of Lublin, even quite close to the city, were cheaper, without even mentioning properties on the western edge of the commune, such as Motycz, Sporniak or Pawlin. The latter example of lower prices is more obvious -the factor of distance can play a role here, even if Motycz, for example, as it was shown in Figure 2 , is located quite well in relation to the road network. Also, the already mentioned element of fashion and ill-conceived prestige may be important.
It is worth exploring if the close distance and/or good communication network role is not influenced by the factor of time. The road network and vicinity to the city is not all, as what matters is www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 the actual time required to commute to the city. This can be long for nearby villages due to the poor quality roads, a rather inconvenient network shape (due to a lake or steep terrain for example) or poor public transport if one considers using it (residents moving from the city to its outskirts are generally quite well-off, but this does not mean they use only private transport to commute to the city; this depends on the quality of public transport and the level of traffic in the city itself; that is why this factor has to be taken into consideration). 
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Figures 6 and 7 show isochrones of the travel time required to get to the city center (set here as the intersection of Krakowskie Przedmieście, Lipowa and Al. Racławickie). Times were calculated for 96 points using the Targeo (www.targeo.pl) online map and trip planner, with departure time set as 7 am. For car travel, all points were valid, whereas in the case of public transport, additional assumptions had to be made. Points that were farther than 1 km from the nearest bus stop of public transport to Lublin were not included in the calculations. Combined uses of public transport (trains + buses) were also not included, influencing only Motycz Leśny and Stasin.
The map in Figure 6 helps explain the lower transaction prices recorded in the villages of Zemborzyce. Even though they are located near the border of Lublin, they are not as easily accessible, as far as travel time is concerned, as other nearby villages. The time needed to travel from the villages of Zemborzyce is about equal to that of taken to get to Lublin from areas of Motycz or Sporniak, and prices are more similar to prices of real estate in these villages, than to those of others closer to Lublin, such as Lipniak or Konopnica. On the other hand, good access in terms of distance, roads (national road No. 19) and time does not influence prices in the village of Tereszyn, which has already been mentioned as a specific case due to its small area. Combining this map of isochrones with price data can result in finding out if these factors are connected in terms of statistical analysis. The other map showing time (Fig. 7 ) depicts access to public transport, with data limited in space to the area covered by public transportation of the city of Lublin. The isochrones seen here are harder to correlate with land prices. They confirm some private transport clues (such as lower prices in Zemborzyce), but show a relatively long time needed to travel by bus from some high price areas of Konopnica; hence these data can only be rather treated as a supplementary source of information. The number of factors, as it was mentioned at the beginning, can be quite large and they may differ from case to case. The use of maps always emphasizes the location factor as being of importance, but particular space-oriented factors are always present in the procedure of real estate appraisal. Besides the general location (village, city) factor, others are mentioned: accessibility (by public and private transport), infrastructure (supplies), environment qualities, the size and shape of the property, etc. (JAKÓBCZYK-GRYSZKIEWICZ 2009, p. 46) . Among these factors, the travel time and the distance to the city centre seem to be one of the most significant in the case of suburban estates, and it is their www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 influence that is modified by other factors. To find out the extent of this modification, it is worth using the linear regression method. The simple equation of y = ax + b makes it possible to estimate the expected theoretical value of y with a known value of x. In the case of the already analyzed time and price, the time is the independent variable, which is not altered, and the price is the dependant variable. It is known for a specific, individual property, but the quotation gives the theoretic value of how the price should change with the single-unit change of time. The difference between theoretical and observed values (remainders) raises the question of what causes this difference. With no other factors than time, the price should be equal to the result of this equation, so the differences are caused by other factors. With maps and knowledge one can find the answer to what factors ought to be taken into consideration.
For the analyzed case, the regression equation takes the form of y = 6.637x -1.356, and the calculated remainders are, in some cases, quite large. These values for the individual villages have been presented in Figure 8 .
The mean values of travel time for villages were calculated using data seen in Figure 6 (transport by car) and the zonal statistic tool from the Spatial Analyst Toolbox in ArcGIS (all maps here are the results of analyses carried out using ArcGIS 10.2.2). The calculated values were used to compute the regression equation. What can be seen is the fact that, in general, theoretical values near the city border are underestimated and in villages located further away -overestimated. This is a typical trend. The complex influence of the city is the reason behind it, but the image of these remainders on the map confirm tendencies seen on other maps -high prices in Konopnica, Lipniak, and Szerokie, as well as high prices in Zemborzyce Tereszyńskie as opposed to low prices in the other Zemborzyce villages (in both cases, mainly due to transport issues). With other maps portraying potential factors, the answer to the question of the remainder distribution is much easier to answer.
Cartographic methodology
The important thing to note in the case of maps is the method used. For Fig. 2 to 5 and Fig. 8 , this is a diagram. Diagrams located on maps are correct in terms of methodology as long as absolute values are being presented (ŻYSZKOWSKA et al. 2012) . They can be shown in forms of different graphs, but bars are the easiest to read, while circles are the best solution in terms of design. This type of presentation is not limited to values (see Fig. 4 ) but can also include the structure, in the form of structural diagram as seen in Fig. 2 and Fig. 3 . The last figure with a diagram (Fig. 8) uses circle diagrams and data classification. The presented values are not specific, but gathered into a few classes with established border values. This map also presents absolute values (remainders expressed in the Polish currency), thus the diagram is an appropriate method here. For relative values (most of all referred to area units), the choropleth method should be used (PASŁAWSKI 2010) .
Figures 6 and 7 present values using isochrones -lines connecting equal distances measured in units of time. The raw data were discrete (points) and needed to be transformed into a statistical surface using interpolation. There are many methods of interpolation and the application of a given method depends on data distribution, the type of values, possible result limitations, etc. (URBAŃSKI 2011).
Other cartographic methods less used in this paper are often used in real estate market analyses, especially the signature method to present locations of discrete objects or areas (of distribution). The example of the former can be seen in Fig. 7 with the location of two kinds of measurement points. It can show, for example, the zone of influence of a selected factor.
Summary
The complex analysis of the local real estate market was not the goal of this paper. The basic aim was the introductory analysis with the use of a cartographic method of research and geomatic tools of GIS to show the applicability of this method. It was proved that maps can be of great use in such analysis, helping to answer certain questions, explain many tendencies and factors influencing prices and find relations between the analyzed factors that may not be visible in other forms (i.e. tables or text). However, as is the case of any tool, maps need to be used properly. The most common problems regard the quality of presentation and methodological errors. GIS makes it tempting to produce maps in just a few clicks, with design, colors and layout offered as a default by the program. This can be easily corrected provided one understands the basics of cartography. Such changes to the presentation are important as a map is a medium of communication and its language (design) has to be clear, www.degruyter.com/view/j/remav vol. 23, no. 2, 2015 precise and attractive (FIELD, DEMAJ 2012) . Also, the sources of methodological errors may be removed. Here some basic knowledge is also required, not in terms of aesthetic and design principles, but often mainly relating to data manipulation, especially when maps present the statistic outcome of research. The rules for creating choropleth and diagram maps involve a broad range of methods to define classes. The software often proposes solutions which are, as mentioned, easy to just click-andaccept; however, they should be used with understanding and knowledge of what goal one wants to achieve, as it is very easy to falsify data with a bad methodology other than cartographic presentation (SALISZCZEW 1998, pp. 102-103) .
Each researcher using maps as a tool of scientific investigation and as a research method should be prepared for facing such problems. Of course this does not mean that one has to be a professional cartographer, but he or she should have an understanding of the basic rules mentioned here. Visualization, the language of maps, methodology and rules of data preparation and mining are important and, when used properly, result in good, informative and appropriate maps. If not -they may lead to a false image, misinterpretation and wrong solutions. That is why it is worth having at least a basic understanding of map tools and science or consulting a professional cartographer.
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